T rimetazidine (1-(2,3,4-trimethoxybenzyl)piperazine)(Biopharmaceutics Classification System, class II [BCS II]; Figure 1 ) is an anti-ischemic drug that protects the myocardial cell from the harmful effects of ischemia. 1 The major drug-related component observed in plasma and urine is unchanged trimetazidine.
T rimetazidine (1-(2,3,4-trimethoxybenzyl)piperazine)(Biopharmaceutics Classification System, class II [BCS II]; Figure 1 ) is an anti-ischemic drug that protects the myocardial cell from the harmful effects of ischemia. 1 The major drug-related component observed in plasma and urine is unchanged trimetazidine. 2 In addition to the parent drug, 10 metabolites have been detected in urine. However, none of them is active. Seven routes of metabolism have been identified in humans, including 2 phase I oxidation reactions and 5 phase II conjugation reactions. Trimetazidine and its metabolites are predominantly eliminated in urine. 2 A small proportion of trimetazidine (6%) is also excreted in the feces. 2 The feeding state at the time of oral drug administration may change the bioavailability (BA) of a drug and influence the bioequivalence (BE) of test and reference products. Food may alter BA and have clinically significant consequences by various means. 3 For modified-release (MR) drug products, food effects are most likely to result from a more complex combination of factors that influence the in vivo dissolution of the drug product and/or the absorption of the drug substance.
Trimetazidine 35-mg MR tablets were developed to maintain effective plasma concentrations. Time of peak plasma concentration (t max ) is longer for MR tablets, and trimetazidine MR produces sustained plasma levels compared to immediate-release (IR) tablets, with a resulting enhancement of pharmacokinetic effects. 2 However, as mentioned above, the formulation, dose, and fed/fasting state are important pharmacokinetic parameters. Therefore, we investigated the effect of being under the fasting or fed state at the time of drug intake on the bioavailability of trimetazidine MR tablets in this crossover clinical trial. The analytical methods used in the determination of trimetazidine have been reported in studies that are suitable for analyzing trimetazidine from plasma and applicable to bioequivalence studies. [4] [5] [6] In this study, we report the food effect on the pharmacokinetics of trimetazidine in healthy volunteers. We also determined the bioequivalence of 2 different formulations of trimetazidine.
PaRTiCiPanTs and METhods

Test and Reference Medications
Trimetazidine tablets were obtained from the following pharmaceutical companies: Mentis Ilac Sanayi ve Ticaret A.S., Turkey (batch number 2008010773) for test products and Les laboratories Servier, France (816883) for reference products.
Participants
A total of 36 healthy male volunteers were enrolled in the trial. All of them fulfilled the following inclusion criteria: male, white, aged between 18 and 55 years, physically and mentally healthy as judged by standard physical and laboratory examinations, negative drug screening tests, and body mass index ( 
study design and Procedures
This was a randomized, open-label, crossover, 2-arm, 4-period, 2-sequence bioavailability and bioequivalence study. In periods I and II, participants received a single dose of either reference (arm A) or test (arm B) drug containing trimetazidine 35 mg as MR tablets after an overnight fast (at least 10 hours), and in periods III to IV, they received a single dose of the same tablets within 30 minutes of consuming a standard breakfast (650 kcal) with a 14-day washout (t 1/2 = 6-12 hours) between each period (Figure 2 ). Venous blood samples were taken before and at regular intervals after drug administration as described below. Plasma concentrations of trimetazidine were measured from each blood sample. Standard pharmacokinetic parameters were calculated.
Blood sample Collection
Blood samples (6 mL) were drawn just before the drug administration (predose) and at 0.5, 1, 1.33, 1.66, 2.0, 2.33, 2.66, 3, 4, 5, 6, 7, 8, 10, 12, 24, 48, and 72 hours postdose. The blood samples were centrifuged no later than 20 minutes after sampling to separate the plasma. Plasma samples were frozen and kept below -70°C until analysis.
Bioanalytical Method
The method developed and validated before the study to determine trimetazidine used a high-performance liquid chromatography (HPLC)/mass selective detector (MSD). The internal standard was lidokain. Separation was achieved by using a Zorbax Eclipse C18 column (4.6 × 150 mm, 5 µm; Agilent Technolo gies, Santa Clara, California) with methanol-aqueous 0.1% trifluoroacetic acid (40:60, v/v) at a flow rate of 0.6 mL/min after liquid-liquid extraction in the range of 2.5 to 2000 ng/mL. Trimetazidine was obtained from Cipla (Mumbai, India) as the standard, lidokain and HPLC-grade methanol were from Sigma-Aldrich (St Louis, Missouri), isoamyalcohol was from Merck (Darmstadt, Germany), and ethylacetate and sodium hydroxide were from Riedel-de-Haen (Berlin, Germany). All other chemicals were also analytical grade, and solvents of HPLC-grade and Millipore (Billerica, Massachusetts) HPLC-grade water were used throughout the study. Drug-free plasma samples were obtained from the Turkish Blood Centre, Istanbul, Turkey.
Pharmacokinetic and statistical analysis
To evaluate the treatment and study design effects, we used an analysis of variance (ANOVA) statistical model. The pharmacokinetic evaluation included the model-independent determination of the individual C max , t max , and AUC 0-∞ using WinNonlin version 5.0.1 software (Pharsight Corporation, Mountain View, California).
The food effect on the bioavailability of both the test and reference formulations and the bioequivalence between them both under the fed and fasting state were determined by calculating the 90% confidence intervals (CIs) for AUC 0-∞ and C max values using log-transformed data.
In studies to determine bioequivalence after a single dose, the parameters to be analyzed are AUC 0-∞ and C max . For these parameters, the 90% CI for the ratio of the test and reference products should be contained within the acceptance interval of 80% to 125%. 6 
REsulTs
No changes of the protocol were carried out after the start of the study, and no major deviations from the protocol were observed. Figures 3 and 4 show that both formulations were absorbed from the gastrointestinal tract when they were taken under a fasting or fed state. None of the basic pharmacokinetic parameters was influenced by the feeding state for both the test and the reference formulations (Table I, Figures 3  and 4) .
When the 2 products were compared, no statistically significant difference in AUC 0-tlast and AUC 0-∞ values was found (Table I) . Under the fasting state, the test/reference ratio (90% CI) was 1.00 (95.96%-102.81%) for C max , 0.97 (91.69%-101.95%) for AUC 0-∞ , and 0.99 (94.30%-103.27%) for AUC 0-tlast . On the other hand, the test/reference ratios (90% CI) under the fed condition were as follows: 1.02 (99.55%-106.34%) for C max , 1.02 (97.68%-109.66%) for AUC 0-∞ , and 1.02 (97.98%-110.62%) for AUC 0-tlast . These results indicate that the bioequivalence criteria were highly fulfilled in all aspects ( Figure  5 ) and that the 90% CIs for both AUC 0-tlast and AUC 0-∞ were narrow and symmetrical around 1.0 and within the acceptance ranges for bioequivalence trials in both fed and fasting states. The results presented here showed a minimal intraindividual variance of 22.63% and 24.81% for trimetazidine under the fed and fasting state, respectively. Median t max value was 5 hours for both fasting (90% CI, 84.88%-102.59%) and fed (110.11%-131.97%) states. The test and reference formulations were well tolerated in both fasting and fed states, and no adverse effects were seen during the study. 
disCussion
It is particularly important to characterize the effects of food on the performance of MR formulations to ensure that the formulation performs in a predictable manner in the absence and presence of foodformulation interactions; the release of controlling excipients depends on environmental conditions of the gastrointestinal tract. 3 Both the Food and Drug Administration (FDA) and the EMEA require that bioequivalence studies of orally administered MR products be performed under both fasting and fed conditions. 7 In this study, there were no statistically significant differences between AUC 0-∞ and C max values in fasting and fed states when they were compared by logarithmic transformation and no difference in t max when compared without transformation. A statistically insignificant sequence effect shows that there is no carryover effect. The point estimates of the 90% confidence interval for test/reference ratios indicate that bioequivalence criteria were highly fulfilled in all aspects. The results demonstrate that the 90% confidence intervals for both AUC 0-tlast and AUC 0-∞ were narrow around 1.000 and within the acceptance ranges for the bioequivalence trial. The median t max of trimetazidine MR tablets was similar after administration of formulations with or with out food.
In conclusion, because these values of the 2 products are within the 0.80 to 1.25 range and also within the 90% CI, they are considered bioequivalent. The results of the meal interaction study showed that the performance of the formulation was not influenced by the meal, and the rate and the extent of absorption were not significantly different between fed and fasted conditions. Therefore, trimetazidine MR tablets may be taken without regard to meals as far as pharmacokinetic factors are concerned.
Crossover study designs are optimal for food effect BA and fed BE studies. 3, 7 There is no food effect on the pharmacokinetic parameters of trimetazidine, which can be taken under a fed or fasted state. The results of this study also showed that there is no need for a 4-period study under the fed or fasting state to evaluate the bioequivalence of trimetazidine MR tablets.
